Objective: Identifying personal characteristics associated with sustaining a concussion is of great interest, yet only a few have examined this in children. The purpose of this study was to examine the association between sex, neurodevelopmental disorders, health history, and lifetime history of self-reported concussion in 12-and 13-year-old athletes. Design: Cross-sectional study. Setting: Middle schools. Participants: Participants were 1744 twelve-and thirteen-year-old student athletes who completed preseason Immediate PostConcussion Assessment and Cognitive Testing (ImPACT) testing, including a self-report questionnaire about previous concussions, developmental diagnoses, and previous medical treatment. Independent Variables: Age, sex, attention-deficit/hyperactivity disorder (ADHD), learning disabilities (LDs), and previous treatment for migraine. Main Outcome Measures: Self-reported history of concussion. Results: A minority of athletes (13.7%) reported previous concussions (1 concussion, n 5 181; 2 concussions, n 5 41; and 3+ concussions, n 5 17). A small proportion reported a history of ADHD (4.4%), LD (2.8%) or migraine treatment (4.0%). Higher rates of self-reported previous concussions were associated with male sex (16.9% vs 9.1%; x 2 (1) 5 21.47, P , 0.001) and previous migraine treatment (31.9% vs 13.0%; x 2 (1) 5 20.08, P , 0.001). There were no differences in self-reported concussion history between 12-and 13-year olds (P 5 0.18) and those with/without ADHD (P 5 0.41) or LDs (P 5 0.06). The overall logistic regression model was statistically significant (x 2 (5) 5 42.01, P , 0.001) but explained only 4.3% of the variance. Previous treatment for migraine (P , 0.001, Exp(B) 5 3.30) and male sex (P , 0.001, Exp(B) 5 2.06) were independently associated with a self-reported concussion history, whereas age, LD, and ADHD were not (P's . 0.05). Conclusions: Male sex and previous migraine treatment were associated with higher rates of self-reported previous concussions in both independent and multivariate models in middle school athletes, whereas age, ADHD, and LDs were not.
INTRODUCTION
Potential risk factors for sustaining a sport-related concussion include personal characteristics, such as genetics, 1 age, 2-8 sex, 9 personality factors (eg, risk taking, aggression, and impulsivity), 10 and previous concussion history 2, [11] [12] [13] [14] [15] [16] [17] ; these characteristics might influence and interact with an athlete's chosen sport, 18 position, style of play, 18 and biological vulnerability to concussion. The literature on age as a risk factor for concussion is mixed-some studies have suggested higher risk in young adults [2] [3] [4] [5] and some studies suggest greater risk in adolescents. [6] [7] [8] Mixed findings have also been reported for sex, with some studies suggesting that boys and young men are at greater risk for injury compared with girls and young women 3, [19] [20] [21] while other studies suggesting increased risk for women. 4, [22] [23] [24] [25] [26] [27] In terms of neurodevelopmental conditions, high school and collegiate athletes with attention-deficit/hyperactivity disorder (ADHD) report a greater lifetime history of concussion, [28] [29] [30] and researchers have also reported that athletes with learning disabilities (LDs) report a greater lifetime history of concussion. 28, 30 A small number of studies have suggested that individuals with migraine headaches have a greater lifetime history of concussion, 31 with some even reporting migraine as a potential independent risk factor for concussion. 32 However, prospective case-controlled studies have not yet been completed to confirm whether migraine is a risk factor for sustaining a concussion or rather a consequence of concussive injury. 31 Numerous studies indicate that athletes with previous concussions seem to be at greater risk for future injury. 2, [11] [12] [13] [14] [15] [16] The reasons for this are not well understood, and they could relate to style of play, personality characteristics (eg, risk taking and impulsivity), a lowered threshold for injury, or other genetic or vulnerability factors.
Most research on sport-related concussion has been conducted with high school, collegiate, and professional athletes. Very few studies have examined elementary and middle school-aged children. This incomplete knowledge of child and adolescent concussion may put the neurologic health of our youth at risk and warrants further investigation. To address this gap, the purpose of this study was to examine the association between sex, neurodevelopmental factors, health history, previous headache treatment, and lifetime history of concussion among middle school athletes aged 12 and 13 years. By modeling multiple potential predictors simultaneously, we might elucidate unique associations between these factors and concussion history. Based on past research in high school and collegiate students, we hypothesized that boys, athletes with a diagnosis of ADHD or LD, and those with a history of treatment for migraine would report a greater lifetime history of concussion. 
METHODS

Participants
Participants in this cross
Statistical Analyses
All analyses were performed on IBM SPSS Statistics version 21. Chi-square tests were used to examine differences in the rates of personal characteristics between athletes who did and did not report a concussion history. A logistic regression was conducted to examine the unique association between multiple correlates and lifetime history of self-reported concussion. The primary personal characteristics examined were sex (0 5 girls, 1 5 boys), age (12 5 0, 13 5 1), ADHD (no 5 0, yes 5 1), LD (no 5 0, yes 5 1), and previous treatment for migraine by a physician (no 5 0, yes 5 1). Secondary exploratory factors were previous participation in special education (no 5 0, yes 5 1), treatment of headaches by a physician (no 5 0, yes 5 1), and previous treatment for mental health problems by a physician (no 5 0, yes 5 1). Statistical significance was set at P , 0.05 for all comparisons.
RESULTS
Of the total sample, 13.7% reported one or more previous self-reported concussions. Boys were more likely to report a previous history of concussion than girls [16.9% vs 9.1%; x 2 (1) 5 21.47, P , 0.001, odds ratio (OR), 2.02; 95% confidence interval (CI), 1.50-2.74]. Twelve-and 13-year olds had similar rates of reporting a previous history of concussion (12 Table 1 .
Logistic regression was used to determine which factors were independently associated with self-reported concussion history after controlling for other possible correlates. The predictor variables were sex, age, ADHD, LD, and history of treatment for migraine. The predictor model provided statistically significant improvement over the constant-only model (x 2 (5) 5 42.01, P , 0.001). The independent correlates of self-reported concussion history were previous treatment for migraine ( 
06). The Nagelkerke pseudo R
2 indicated that the model accounted for only 4.3% of the total variance, see Table 2 . A second logistic regression analysis was conducted with additional variables, for exploratory purposes. The predictor variables were sex, age, ADHD, LD, participation in special education, and history of treatment for headaches, migraine, or psychiatric problems. The overall expanded model was also statistically significant (x 2 Table 3 .
DISCUSSION
To our knowledge, this is the largest study to date on the correlates of self-reported concussion among middle school students. Based on previous studies with high school and college students, we hypothesized that middle school boys 3, [19] [20] [21] and middle school student athletes with ADHD, [28] [29] [30] LDs, 28, 30 or a personal history of migraine The rates (percentages) of middle school athletes with each developmental problems, academic issue, injury, or health condition are presented for the overall sample. * For the final section, the rate of middle school athletes who report a history of one or more previous concussions is stratified by age group, developmental or academic problem, and health conditions. This is based on a subset of the data (eg, number of athletes who reported having ADHD and a previous concussion divided by the number of athletes who reported having ADHD). 31, 32 would have a greater self-reported lifetime history of concussions. In this study, middle school boys were more likely to report a history of one or more concussions than girls (ie, 16.9% vs 9.1%)-this sex difference remained significant in multivariable analyses. This finding is consistent with many studies reporting a greater history 21 and incidence 3, 19, 20 of concussion in boys and young men. However, some studies have shown the opposite that girls and young women have not only a greater incidence of concussion, 4, [22] [23] [24] [25] [26] [27] but also report a greater number of total concussion symptoms after injury. 33 Female athletes have also reported more symptoms specific to the migraine spectrum relative to their male counterparts. 33 The discrepancy in these findings may be partially explained by sample characteristics, depending on whether the study examined players within a single sport (eg, men's vs women's soccer) or a cohort of athletes across sports (eg, all high school athletes). Given differences in concussion incidence across sports, 22, 23, 26 the proportion of players in each sport may have at least some influence on the study results.
In this study, middle school athletes with ADHD or LDs were not more likely to report a previous history of concussion. This result is inconsistent with past studies reporting that high school and college students with ADHD [28] [29] [30] 34 or LDs 28,30 report a greater lifetime history of concussion. For comparison, in a previous study of adolescents between the ages of 13 and 18 years, 16.1% of athletes without ADHD reported one or more previous concussions, compared with 26.4% of boys with ADHD and 20.6% of girls with ADHD. 28 In the present sample of 12-to 13-year olds, 13.6% of athletes without ADHD reported one or more concussions, compared with 14.7% of boys (ie, 9/ 61) with ADHD and 25.0% of girls with ADHD (ie, 4/16). Given that one's cumulative history for a concussion can only increase with time, these differences may be related to continued sport exposure and the introduction of additional contact and collision opportunities (eg, tackle football). It is possible that there is an interaction between these neurodevelopmental factors and increased age/sport exposure, which is not yet evident. Youth with ADHD are also more likely to sustain bodily injuries and have emergency department visits, [35] [36] [37] so their differential cumulative history of concussion might occur separate from sport-related injuries too.
Middle school athletes with a history of migraine treatment were significantly more likely to report past concussions than athletes with no history of migraines (ie, 31.9% vs 13.0%)-this finding remained significant in the primary multivariable analysis. In an exploratory multivariable analysis, when additional developmental (eg, special education) and health history (ie, past treatment for headaches or mental health problems) variables were added, migraine history was no longer an independent predictor but headache treatment history was. This could be explained, at least in part, by sample sizes and multicollinearity because more middle school athletes reported a history of treatment for headaches (n 5 141; 8.1%) than migraine (n 5 69; 4.0%), and 71% of those who reported a history of migraine also reported a history of treatment for headaches.
Given that this is a cross-sectional retrospective cohort survey study, we cannot draw conclusions about causation, such as whether the association between migraine and (3) increase the likelihood of a refractory recovery course after injury. Those who have experienced a prolonged recovery might be more likely to remember sustaining that injury when asked about it on a future health survey. There is some published evidence to indirectly support aspects of this effect-modifying theory. First, previous research raises the possibility of a common molecular pathophysiological cause of migraines and posttraumatic headache. [38] [39] [40] [41] [42] [43] Mild head trauma can activate trigeminal nociception, similar to that seen in migraine. Furthermore, upper cervical sensory nerve roots that converge on the trigeminal nucleus caudalis may also contribute to the activation process, because of flexion and extension of the cervical spine in response to inciting trauma. 44 Second, many studies have illustrated that greater acute postinjury symptom severity is associated with slower recovery in migraineurs. 26, [45] [46] [47] [48] [49] [50] [51] [52] Those with a migraine history might be more vulnerable to greater acute symptoms. Third, acute and subacute postinjury headaches of any type are a risk factor for slower recovery and persistent symptoms in some studies. 49, [53] [54] [55] [56] [57] [58] Individuals with pre-existing headache conditions might be at increased risk for postinjury headaches. 59 Finally, one large-scale multisite study found that a personal history of migraine was associated with increased risk for having persistent symptoms, for more than 4 weeks, in children and adolescents who experienced a mild brain injury. 49 Therefore, those with preinjury migraine might be more likely, for multiple reasons, to have worse outcome from a concussion and thus be more likely to recall sustaining that injury when asked about it in the future. This study has 3 major limitations. First and foremost, concussion history, neurodevelopmental history, and health history were based on the child self-report. We did not have access to medical records, school records, or information from parents to verify any of the preinjury developmental or health problems. It is possible that some children of this age group may not be able to accurately differentiate between headaches and migraine headaches. Second, we were unable to determine when or how the previous injuries occurred. Third, we do not know whether the past injuries occurred before or after diagnosis of the other health conditions (eg, migraines or ADHD). It is possible that some of the athletes developed migraine after a past head trauma, but that information was not available. Finally, it is worth noting that our regression model predicted a small portion of the variance. This model was designed to examine which personal characteristics were most associated with self-report concussion history; it was not designed to be a comprehensive model that could accurately predict concussion history based on these variables. These results suggest that other factors may be related to a history of concussion; however, it is unrealistic to try to fully predict this outcome because of the diversity of these factors and because there will be some randomness associated with sustaining a concussion in sports.
CONCLUSIONS
This study is one of the first to examine the personal characteristics of middle school athletes that are associated with a greater lifetime history of self-reported concussion. Results suggest that male sex and a history of treatment for headaches/migraines are associated with concussion history. Attention-deficit/hyperactivity disorder, at this age, was not associated with a greater lifetime history of concussion. These data suggest that individual characteristics, such as sex and migraine history, are associated with self-reported concussion history from an early age. Further research elucidating the potential role of migraine as a risk factor for injury and/or modifier of recovery course is warranted.
